Background. Renal failure (RF) is a well-recognized complication of aortic aneurysms (AA) although its incidence has been poorly documented previously. The purpose of this study is to examine the incidence of RF in patients with AA and prognosis of AA patients with RF. Methods. Renal function, complications and prognosis of AA patients with RF were retrospectively reviewed in 350 AA patients (median age 69.8 AE 10.7 years) in the International Medical Center of Japan from 1989 to 1999. Results. Among 350 patients with AA, 90 patients (25.7%) had chronic renal failure (CRF) at the initiation of follow-up. The number of CRF patients increased to 117 (33.4%) at 30 months of follow-up. Forty-four out of 160 patients (27.5%) who had aortic surgery developed postoperative acute renal failure (ARF). Stepwise logistic regression analysis revealed that age (!65 years), hypertension and multiple aneurysms were independent risk factors for CRF, whereas dissecting aneurysms, preoperative serum creatinine (sCr) levels and duration of surgery were independent risk factors for postoperative ARF in AA patients. In the 5-year follow-up of AA patients with CRF, the mean slopes of 1/serum-creatinine did not significantly differ between conservative treatment and surgical treatment. The survival rates were 49.5% in the conservative treatment group and 67.3% in the surgical treatment group. Conclusion. Our data suggest that the management of renal function including blood pressure from an early stage in AA patients is important since CRF is highly prevalent in AA patients and affects their prognosis and mortality.
Introduction
Recently, patients with aortic aneurysms (AA) have increased because of increases in the aged population and improvement of diagnostic techniques such as computerized tomography (CT) scans, magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA). Accordingly, incidences of severe complications such as bleeding due to rupture of aneurysms or ischaemic organ failure are also increasing. Surgical repair of AA with or without cardiopulmonary bypass is associated with high mortality due to cardiac, pulmonary, spinal and renal complications [1, 2] . Postoperative acute renal failure (ARF) in particular is a common complication of AA surgery and preoperative renal dysfunction is a major risk factor [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . On the other hand, many AA patients who do not undergo surgery have chronic renal failure (CRF). Atherosclerosis and oppression of the renal artery or renal ischaemia due to arterial stenosis might be related to the incidence of CRF in AA patients. However, the incidence and risk factors of CRF in AA patients are poorly documented in the literature. Therefore, we examined the incidence of CRF at the time of and 30 months after diagnosis of AA and ARF among AA patients who had surgery. We also compared the mean slopes of 1/serum-creatinine (1/sCr) and survival rate between conservative therapy and surgical therapy at 5 years of follow-up in AA patients with CRF.
Materials and methods

Patients
Three hundred and fifty AA patients admitted to International Medical Center of Japan from 1988 to 1999 were enrolled in the present study. The study population consisted of 250 men and 100 women (median age 69.8 AE 10.7, range 28-96 years).
Incidence of CRF in AA patients, detection and morphological findings of aneurysms
Detection of AA was classified into five types as follows: (i) patients' complaints, (ii) emergencies such as rupture of AA or shock, (iii) coincidental detection with other diseases, (iv) routine medical examination and (v) unknown. The patients were not part of a screening programme searching for the presence of aortic aneurysms. Glomerular filtration rates (GFR) were calculated using the Modification of Diet in Renal Disease (MDRD) equation [14] . Calculated GFR of <60 ml/min continuously for >6 months was defined as CRF. The incidence of CRF in AA patients was analysed at the time of and 30 months after the diagnosis of AA.
The types of aneurysms were also classified morphologically as dissecting aneurysms (DA), non-dissecting aneurysms (NDA) and comorbidity of both types (DA þ NDA). The association between incidence of CRF and type of aneurysm was examined.
Association between CRF and atherosclerotic disease or factors associated with atherosclerosis Coronary artery disease (CAD) was defined as a clear history of angina pectoris, myocardial infarction and/or coronary stenosis (!75%) evidenced by angiography. Hypertension was defined as systolic pressure of >140 mmHg and/or diastolic pressure of >90 mmHg. Hyperlipidaemia (HL) was defined as serum total cholesterol levels of >220 mg/dl and/or serum triglyceride levels of >150 mg/dl. The association between incidence of CRF and atherosclerotic disease or related factors was also examined.
Predictive factors associated with postoperative ARF in patients who had operations on aortic aneurysms
Postoperative ARF was defined as postoperative serum creatinine (sCr) levels increased by >1.5 times or postoperative GFR decreased by >25%. ARF was classified into three groups as follows: (i) mild ARF: postoperative sCr levels increased 1.5-to two-fold or postoperative GFR decreased by >25-50%, (ii) moderate ARF: postoperative sCr levels increased more than two-to three-fold or postoperative GFR decreased by >50-75% and (iii) severe ARF: postoperative sCr levels increased more than threefold, postoperative sCr levels were >4 mg/dl (in cases of an acute increase of at least 0.5 mg/dl) or postoperative GFR decreased by >75% [15] . We examined the association among incidence of ARF, age, gender, morphology of the aneurysm, atherosclerotic disease, factors associated with atherosclerosis, preoperative renal function and intraoperative factors (surgery duration, amount of blood transfusion and intraoperative bleeding).
Progression of renal dysfunction and survival rate in AA patients with CRF treated surgically or conservatively Thirty surgically treated AA patients with CRF and the same number of conservatively treated AA patients who had no operation or catheter intervention therapy with CRF were selected for the analysis. Surgical treatment was indicated by considering age, complications, size of the aneurysms and consent of patients or the families. In this study, conservatively treated patients were those who were clinically indicated for surgical treatment initially but did not consent to surgical treatment. The mean slopes of 1/sCr time curves and survival rate were compared between these two groups.
Statistical analyses
Data are expressed as mean AE SD. First, univariate analysis was performed using Student's t-test or Fisher's exact test. Variables with a P-value of <0.05 were then analysed using a stepwise logistic regression analysis on the basis of a forward-backward procedure. The F-value for entry or removal of candidate variables from the discriminant function was set at 4.0. Dummy variables were used for age (!65 years
The survival rate was analysed using the Logran model. All calculations were performed using Stat View version 5.0. All P-values were two-tailed, and a P-value of <0.05 was considered significant.
Results
Incidence of CRF in AA patients, detection and morphological findings of aneurysms Detection of 350 AA was as follows: patients' complaints in 137 patients, coincidental detection in 130, medical examinations in 19 and emergencies such as shock or rupture of the aneurysm in 16 patients ( Figure 1A ). Morphological findings of the aneurysm were NDA in 226 patients, DA in 108, or both NDA and DA in 16 patients ( Figure 1B) . CRF was present in 90 patients (25.7%), and 17 patients (4.9%) were on haemodialysis at the initiation of follow-up. The incidence of CRF increased to 117 patients (33.4%) and haemodialysis patients increased to 32 (9.1%) after 30 months ( Figure 2A ). Age-related prevalence of CRF at 30 months after the diagnosis of AA is shown in Figure 2B . The prevalence of CRF in the age group under 64, 65-74 and >75 were 21.2, 35.8 and 39.3%, respectively. Yearly mean change of GFR in AA patients in the age group under 64, 65-70 and >75 were -3.57 ml/min, -3.62 ml/min and -3.32 ml/ min, respectively ( Table 1 ). As shown in Table 2 , the incidence of CRF in DA patients and NDA patients was 24.1% (26 out of 108 patients) and 37.6% (85 out of 226 patients), respectively. Univariate analysis showed that NDA was significantly correlated with the incidence of CRF (P ¼ 0.0251). Abdominal AA (AAA) tended to predict CRF although it was not statistically significant (P ¼ 0.0642) in NDA. On the other hand, multiple aneurysms were significantly correlated with the incidence of CRF (P ¼ 0.0005) in NDA. It should be noted that seven out of nine multiple aneurysm 1362 S. Hagiwara et al.
patients (77.8%) with CRF had AAA. Debakey's I tended to predict CRF compared with Debakey's II or III, although it was not statistically significant (P ¼ 0.0917) in DA. There was no association between the incidence of CRF and size of the aneurysms (Table 2) .
Association between CRF and atherosclerotic disease or factors associated with atherosclerosis CAD was present in 35.1%, whereas CRF was present in 33.4% of patients with AA ( Figure 3A ). Cerebrovascular disease (CVD) and arteriosclerosis obliterans (ASO) were present in 14 and 7.1%, respectively ( Figure 3A ). Smoking and hypertension were observed in 62.9 and 46.9% of AA patients, respectively. HL was observed in 25% and diabetes mellitus (DM) in 7.4% of these patients ( Figure 3B ). Univariate analysis showed age (!65years), CVD and hypertension were significantly associated with the incidence of CRF (P ¼ 0.0059, P ¼ 0.0306 and P ¼ 0.0035, respectively) ( Table 3 ). However, there was no significant association of the incidence of CRF with CAD, ASO, DM, HL and smoking (Table 3) .
Predictive factors associated with postoperative ARF in patients who had operations on aortic aneurysms Data are expressed as mean AE SD. GFR, glomerular filtration rate.
Renal failure in aortic aneurysms patientspostoperative ARF and nine patients without postoperative ARF including emergency operations were dead within one month after the operation. Postoperative ARF occurred in 15 out of 30 patients (50%) with DA and 28 out of 123 patients (23%) with NDA. Among the preoperative variables, univariate analysis showed that ARF was associated with DA (P ¼ 0.0022), female gender (P ¼ 0.0442) and preoperative sCr levels (P ¼ 0.0233). Among the intraoperative variables, univariate analysis showed that ARF was associated with duration of the operation (P < 0.0001), the amount of bleeding (P ¼ 0.0001) and blood transfusions (P ¼ 0.0001) ( Table 4) .
Stepwise logistic regression analysis demonstrated that age (!65 years), multiple aneurysms and hypertension were independent risk factors for CRF, whereas DA, preoperative sCr and duration of surgery were independent risk factors for postoperative ARF in AA patients (Table 5) .
Progression of renal dysfunction and survival rate in AA patients with CRF treated surgically or conservatively Surgically treated and conservatively treated groups were matched for age, sCr levels at the initiation of follow-up, morphological findings of the aneurysm, size of the aneurysm and atherosclerotic complications (Table 6 ). There was no significant difference in the mean slopes of 1/sCr (P ¼ 0.233) ( Figure 5 ). Among AA patients with CRF, the 5-year survival rate was 49.5% in the conservatively treated group and 67.3% in the surgically treated group. Although the surgically treated group had a higher survival rate, the difference was not statistically significant (P ¼ 0.336) ( Figure 6 ).
Discussion
It is well known that postoperative ARF is a common complication of AA as reported previously (2-12). However, the incidence of CRF in AA patients and the prognosis of AA patients with CRF have not been fully examined. We showed incidence of CRF in AA patients had increased from 25.7 to 33.4% during 30 months of follow-up. Iseki et al. [16] reported the prevalence of GFR (estimated by the Gault-Cockroft formula) under 60 ml/min was >80% in Japanese patients (Okinawa) over 70 years of age. It is considered that this great prevalence of CRF with the elderly population of Okinawa in the article of Iseki et al. [16] may be due to the following: (i) GaultCockroft formula tends to underestimate renal function of the high-aged Japanese population, (ii) average life expectancy of the Okinawa population is the longest in Japan and (iii) there are regional variations in the incidence of ESRD in Japan and it is the highest in Okinawa [17] . There are no available data of calculated GFR using MDRD in the general Japanese population in relation to age to compare with our data at present time. Our data also suggest that high age is related to the incidence of CRF in AA patients. But the incidence of CRF was also high in the age group <65 years. It is suggested that there are more factors relating to the incidence of CRF other than high age in AA patients. Furthermore, yearly changes of GFR in AA patients were higher than in normal subjects (-1.03 ml/min/year), reported by Eriksen et al. [18] . These data indicated that AA patients have a risk of CRF and aggravated renal function. It may be important to identify the factors contributing to the incidence and progression of CRF in AA patients because preoperative CRF is a risk factor for mortality in surgical repair of such patients. One possible cause of renal failure (RF) in AA patients is pre-renal factors such as low blood flow in the kidneys. Onitsuka et al. [13] reported that obstruction of renal blood flow occurred in about 7% of cases of acute dissection. They stated that reduced renal blood flow due to stenosis of the true lumen in DA, which was oppressed by the false lumen, was associated with RF and that massive bleeding due to rupture or myocardial infarction also causes RF [13] . Our data showed that NDA patients had a higher incidence of CRF than DA patients and AAA tended to predict CRF in NDA. Multiple aneurysms were shown to be an independent risk factor for CRF. Imaging information from these patients suggests that reduced renal blood flow due to renal artery stenosis, intraluminal thrombus or calcification of the aorta might affect the incidence of CRF in these patients. Enhanced CT scans, MRA and/ or renoscintigraphy should be performed to estimate renal blood flow in patients with AA. There is a possibility that antiplatelet therapy may reduce the incidence of CRF in AA patients with intraluminal thrombosis of the aorta. Glomerular sclerosis and glomerular hypertension may be common causes of the occurrence of CRF in AA patients since our data revealed that hypertension and age (!65 years) were important related factors.
Atherosclerotic diseases were not directly associated with CRF in AA patients in this study. On the other hand, AA appears to be correlated with atherosclerosis, aging, pulmonary emphysema, high blood pressure and angiotensin II [19] . Strict control of blood pressure is the principal therapy for inhibiting dilatation or rupture of AA and it also seems to be a key to prevent the incidence or development of CRF in AA patients.
As in our results, many authors reported that preoperative RF is an independent risk factor for postoperative ARF [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Patients with RF need sufficient hydration and/or dopamine infusion maintained during the operation [20] . In our hospital, longterm progression of renal dysfunction in AA patients with CRF did not significantly differ between surgical therapy and conservative therapy. This may be due to the improvement of pre-or postoperative management including continuous haemodiafiltration [21] [22] [23] . It appears that prevention of onset and progression to CRF in AA patients is important to indicate surgery and reduce the mortality since many authors reported that preoperative or postoperative RF increased postoperative mortality [11, 12, [20] [21] [22] 24] . It seems that, in this study, CRF also increased the mortality in conservatively treated AA patients because the 5-year survival rate for conservative treatment was lower than that for surgical treatment (49.5% vs 67.3%) in AA patients with CRF. Hallett et al. [24] in the Mayo Clinic reported that the postoperative death rate in abdominal AA patients without complications was 3-5% and that of patients with complications such as CRF, chronic lung disease or liver cirrhosis was 8-10%. Chen et al. [12] reported that the surgical mortality rate was 3.8% in patients with non-ruptured abdominal AA. Independent predictors of death were preoperative myocardial infarction, prolonged postoperative ventilation, history of peripheral vascular disease, preoperative renal dysfunction and history of congestive heart failure (odds ratios: 5.0, 4.0, 2.9, 2.7 and 2.6, respectively) [12] . On the other hand, some authors reported a remarkable improvement of postoperative mortality in patients with RF due to improvement of diagnostic and operative techniques such as artificial grafts and pre-or postoperative management including continuous haemodiafiltration [20] [21] [22] [23] . Aggressive treatment with careful management may be needed in AA patients with CRF because conservative treatment leaves a risk of rupture.
Nowadays, surgery is no longer the only invasive treatment for AA because of the possibility of stenting. As a result, it is possible that the incidence of RF may change in the future due to this new application. It is expected to reduce the postoperative mortality in patients with complications such as ischaemic organ failure because of its lower invasiveness. However, various complications have been reported as the number of cases increased, including growing haematoma, arterial thrombosis, iliac artery ruptures, thromboemboli, cholesterol emboli, graft thrombosis, graft migration and endoleak [24] [25] . Walker et al. reported that in patients with preoperative RF, the perioperative death rate is high (27%) after endovascular AA repair [25] . Haddad et al. [27] reported that juxtarenal aneurysm repair with fenestrated endovascular graft following renal stenting was associated with a significant risk for adverse renal events (16% in patients without renal dysfunction and 39% in those with preoperative renal dysfunction; P ¼ 0.04). Similarly, death was also more common in patients with preoperative renal dysfunction (17.4% vs 2%; P ¼ 0.02). These reports suggest that further considerations for indications and improvement of catheter intervention therapy are necessary in AA patients with CRF.
In conclusion, CRF is highly prevalent in AA patients following CAD. Age, multiple aneurysms and hypertension were related factors for CRF in AA patients and preoperative CRF is a risk factor for postoperative ARF. It is necessary to pay attention to renal function in AA patients from the early stage since strict management of blood pressure inhibits the progression of CRF and decreases mortality in such patients.
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